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Drug Development Costs Vs. Approval 

- -

Total Cost per Approved New Drug Transition Probability 
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Source: DiMos/ ttol.Journol ofHeo/fh Economics. (2016) 
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l s9% 

Successful 
New Drugs:• Phase II

l 35 o/o 

Phase Ill 1/ 10 • 
l 62 o/o (11.8 %) 

• Submission 

90 o/o 

• Approval 

Figure I Costs of drug development have risen while overall probaibility of regulatory approval has reduced 1. Image 
taken from DiMasi JA et al. J Health Econ. 20 I 6;47:20-33 
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www.NA3RsC .org 

Complex In Vitro Models 

• Centralized hub for In Vitro Alternatives (IVA) 

• IVA Industry Group 
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II 

Cellular growth and 

Chemical 
Test 

✓ 

➔ 

Microfluid design Inoculation Function establishment 
Physical 

test 

Sosa-Hernandez el al. Micromachines (Basel). 201 8 Oct; 9(10): 536. Published online 2018 Oct 22. doi: 10.3390/mi9100536 (h NOVARTIS 
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M a te.rial Relevant Property Propostd A pplic.1t ion Reference 

Coll•gen (Ch;too,n) 
Biorompallbilil)~vel'S3tilc roi,trol 

of structure ;,nd chemistry 
Bio-sensing, film assembly 121,221 

Silkworm (&mby.t' ntOrQ 
8iocomp.,hl>ility, mcdmnicoJly 

robust, flexibili ty, high mtthankal 
modulus, and tough.nc-ss 

Fabrication o( mi(:roRuidic 
cha.,me-1 123,241 

Aga,-hydrogel 

Teflon 

Acrylcmitrile Butadiene 
Styrc'ne (All$) 

Phol<tCU.rable 
rcsln/polymer 

ABS, polyc:arbonate, 
polyphenyl,uironc, 

elastomerS 

Lox cytotoxidty, biodeg:~dabHity, 
mc..-chankal stability at low solid 

fractions 

Ease of fobric:.,tion with maximum 
chemical resistance 

Hi·gh resolution, excellent surface 
finish 

Very high n:solution with sma11 
fc:1tun.'S 

~.'Ip material, ease orsupport 
removal 

Cell culture, se1'\SO.rs, 
and actuators 

l'iigh precision as.,;..i.y, super 
dean tools, v.'llvcs, and p ump:§ 

fabric:a tion 

Making of the master mold, 
microRuidics interface (MI), 

p.1thoge:n detection~ biolog:ic:JI 
assay 

Biology observation orcell 
growth 

Pathog(-n dctt.-ction of b.1cteria 

,md viruses 

125-271 

1281 

135,361 

137,'181 

Material 

Gelatin methacrylate 
(gel-MA) 

Polylactk acid (PLA) and 
Polyglycolk •<id (!'CA) 

Poly(polyol seba<'ate) 
(PPS) 

Poly(c<hylcne glycol) 
dJacrylate (PECDA) and 

gelatin me!hacryloyl 
(C.IMA) 

Relevant Property 

Photopolymerii:able, porous 
membrane 

Tu~bfe biodegrJctltion 

Biocompatibility, d~ign 
adaptability, mech.a.nic;,c1l 

rompli3nce, low cytotoxidty, 
degrodabli;ty 

8iocompi1tibility, 
ncov.'lscularizntion potentia~, 

multi•mate.ri.lJ fabric.1tion 
<apab.Uty a l a high spatlal 

resolution 

Proposed Application 

Ml?C:hanistic v.tscular and 
vah•u.br biology reUsupport 

matrix 

Porous S(affold for cell culture 
with better adhesion 

3--0 micron\1idic system, 
M icrobiore,jl("tor 

1issue engin('('ring, 
n.."gcnetativc m<.-dicine, 

and bio-s.ensfog 

Reference 

147,481 

1491 

1501 

1511 

Poly.imidt 

Hydrogcls 

Polyurethane-methacrylate 
(PUMA) 

Fast build speed, multi-materi;.11 
printing. very dumble .-.nd 

hjg_h•tempcrature stab1e nmteria.l 

Swelling .:ind contraction., act as 
s.ensors and actuators 

ErooomkaJ to manufacture? 
bi0<:0mpatibk-, nontoxic, strong 

e lectroosmotic mobility 

M;,.ki.ng or th<' master mold 

Self•rt.'gulating valves, 
microlem nrr-.iys, drug release 
systt'ms, binding of antigens 

And proteins ni\d glurose. 
Flow St"NO.rs pH n..---gv lators, 

flooding cooling devices.. 

High-aspect-ra tio 
nticro5tructu.n._--s 

139A-OI 

129,41.421 

1-131 

Poly(methyl 
methacrylate) 

Slyrene Ethylene 
Butylene Styrene (SEBS) 

Slyrene Ethylene 
Butylene Styrene (SEBS) 

Scyrene Ethylene 
Butylenc Styrene (SliBS) 

Favorabl~ mechanical and thermal 
resistance-, chemical c;ompatibility 

Biocomp.itibility, Rhc.'Ologic.tl 
characteristics 

Electrical surfa('e properties, 
stlble and refath·ely high zeta 

potl'nti..11 magnitude 

Reduced drug al>so,ption, 0p1;cal 
transmittatk't", Mcd\anka.l 

perlorl'Mn«' 

Genomic analysis 

Fabrication ofcomplex and 
more sophisticated 

miC'ronuidiC' networks (µFNs) 

Microde"kes for 
Elt.'Ctrokinetic Applications 

Cell culture 

1521 

1531 

1541 

(551 

Polycthylen<e glycols 
(PECs) 

Relatively inexpensive, available 
in a wide variety or molecular 

weights, biocomp;_,tible, negligible 
cytotox:icity 

Mkroflujdic v{ltves, Ch3.n.oel 
C:O\'Cr to improve the 
microOuidk lifotiinc 

l44A51 

Polyhydroxy•lkaoo.1tcs 
(PHAs) 

8iocompatibilily. 1unzible 
biodegrad.-bility 

Miaofilm b.lrrier for vapor 
and oxygen l-l61 
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National Center 
for Advancing 
Translational Sciences 

Tissue Chi[p Testing 
Centers 

Texas A&M University, College Massachusetts Institute of 
Station Technology 
TEX-VAL: Texas A&M Tissue Chip Validation Center "Translational Center of Tissue Chip Technologies" for 

Quantitative Characterization of Microohvsioloeical 

University of Pittsburgh 
University of Pittsburgh Microphysiological Systems 
Testing Database Center 
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SCIENTIFIC REPO RTS 
0 

OPEN ; Technology Transfer of the 
! Microphysiological Systems: A 
~ Case Study of the Human Proximal 

Received: 18 July 2018 !Tubule Tissue Chip Accepted: 2 1 September 2018 

Published online: 05 October 2018 
: Courtney Sakolish1, Elij ah J. Weber2, Edward J. Kelly2, Jonathan Himmelfarb3, 

7: Roula Mouneimne1, Fabian A. Grimm1, John S. HouseC,4, Terry Wades, Arum Han6, , 

: Weihsueh A. Chiu1 & Ivan Rusyn1 

20 and 30 platforms 

University ofPittsburgh D1ug Discove1y Institute 
Microphysiology Systems Database (https://mps.csb.pitt.edu/). 
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Duration 
- Set up time including cells 
- Viability 
- Activity / metabolic functionality 

System 
Cell com osition 
Physiological function 

- Capacity 
- Maintenance level 
- Through ut 
- Space requirements 
- Equipment requirements 
- Microfluidics 
- Controls 

Abilities 
- Sampling 

-Frequency (some systems do not allow for daily sampling) 
-Type (liquid, histology) 

- Imaging 
-In situ 

19 



Testing Parameters 

- Cell sourcing including commercial versus non-commercial 

- Media sourcin includin commercial versus non-commercial 

Testing 

- Protein and gene expression 

- Reproducibility level 

- Comparisons 
-2D systems 
-In vivo models 

- Baseline function assays 
- Toxicity assays 
- In vitro to in vivo extra olations 

Restrictions 
- In house onl 
- Limited cell types 

20 



-~ 
.. 1: 
::, 0. 
~ 0 

0 -.; 
>.. 
0 

...V, 

C 
C1J 
E 
~ 
::, 
a 
& 
"°C ·.: 
V, 

~ 

C1J 
V,
::,-0 
~ 
C1J 
e 
8 
.9-
..c 
u 
C1J 
::, 
V,.,. 
i= 

Target ID 
and 

Validation 

Hazard Identification 

Confirm presence of relevant 
targets 

Thousands of compounds 

High Throughput systems 

Mechanistic understanding 
or safety profiling 

I B II B II B I 
I B Ii B II B I 
I B II B II B I 
I B II B II B l 
I B II B II B l 
I B II B II B I 

Risk Assessment Mechanism of Action 

Baseline effect on physiology Assess impact on disease 
phenotype 

Tens to hundreds of Two to three compounds 
compounds 

Medium to high throughput Low throughput systems 
systems 

Linked organs e.g. fo r. drug distribution 

II 

Preclinical 
Safety 

Risk Mitigation 

Identify and assess potential 
side effects 

One to two compounds 

Low throughput systems 

Boutique individual organs 
for mechanism or safety 

' r 
M 

Ew art el al. Exp Biol l,led (Maywood). 2017 Oct; 242(16): 1579-1585. Published online 2017 Jun 16. doi: 10.1177/153537021771 5441 (h NOVARTIS
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Precision medicine 

NanomedicineOrphan diseases 
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DiseaseOrgan 

I I I 
Multicellular architecture 0 0 Pathophysiology 

Native tissue Recapitulation of clinical 
characteristics 0 0 responsesl(,tfal 

Whole organ physiology & 

~ 

High- throughput & -
phenotype 0 0···••o.ti content 

Long term stabilitY. & Oi----- ----...o Personalized medicinereproducibility 

Adopted from RothbauerM et al. Curr Opin Biotechnol. 2019 Feb;55:81-86. doi: 10.101 6/j.copbio.201 8.08.009. Epub 201 8 Sep 4 
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Materials 

Large-scale manufacturing 

Cells and media 

Samples for analysis 
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Reproducibility 
Robustness 

Reliability 
Relevance
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INTERNATIONAL CONSORTIUM far 

INNOVATION &QUALITY 
in PHARMACEUTICAL DEVELOPMENT 

IQ MPS Affiliate 
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Navigating t issue chips from development to d issemination: A 
pharmaceutical industry perspective 

Loma Ewart', Kristin Fabre2, Anonthsrinivas Chakilam3 , Yvonne Dragan', David 8 Ouignan5, 
Jeetu Eswaraka•, Jinping Gan7, Peggy Guzzie-Peck8, Monie.ah Otieno•, Claire G Jeong•, 
Douglas A Ktllor' 0

, Sonia Md<t Morai$", Jonalhlln A Phillip$", William Pr~tor'', 
Radhakrishna Sura 11, Terry Van Vleet'1. David Watson 14 , Yvonne Will18, Danilo Tagle" and 
Brian Berridge• 
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Environmental Topics Laws &Regulations About EPA f Q.'ia 

CD @ ® ® Related Topics: Science Matters CONTACT us SHARE 

Developing Organs On-a-Chip: Chemical 
Safety Research Collaborators Provide Research 
Review 

University of Washington 

Vanderbilt University 

Texas A & M University 

University of Wisconsin - Madison 
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